Introduction
and L-glutamine (29.2 mg/ml) (Gibco). The medium was changed every alternate day.
Quinones are widely distributed in nature and form an important group of substrates for flavoenzymes. Many substances, such
Chemical treatment
as vitamin K and clinically important drugs (doxorubicin, Menadione, dicoumarol and vitamin K 2 were dissolved in DMSO immediately before treatment of cell culture. Control cell cultures were treated with DMSO mitoxantrone and mitomycin) contain the quinone nucleus (1- alone. DMSO concentration, in either treated and untreated cells, was 3). They can be toxic and may exert their toxicity by a number constant (1% v/v). Vitamin K 1 was incorporated in mixed micelles with of mechanisms including oxidative stress caused by redox phosphatidylcholine and sodium deoxycholate as described by Nagata et al. cycling (4, 6 ) direct interaction with cellular macromolecules (14) . In all assays, cells were exposed to chemicals for 30 min at 37°C in an (7-9) and inhibition of mitochondrial electron transport (10).
atmosphere of air/5% CO 2 and the treatments were terminated by aspiration of the drug-containing medium and replacement with fresh medium.
The cytotoxic and antitumor properties of quinoid drugs are
The effect of different chemicals on cell viability was tested using the MTT thought to be mediated through the one-electron reduction to chemosensitivity assay with tetrazolium dye (15).
semiquinone free radicals by flavoenzymes such as NADPHAnalysis of DNA damage cytochrome P450 reductase (5).
Analysis of DNA damage was performed with the procedure of 'in situ nick For its redox cycling properties, vitamin K has been included translation' as described by Nose and Okamato (16) . Briefly, after 2 days in an hypothesis presented to account for the dietary induction of culture on multiwell dishes, the cells were incubated with increasing and promotion of colorectal cancer (11). Secondary bile acids, concentrations of menadione, vitamin K 1 , vitamin K 2 , micelles with and without vitamin K 1 , in the presence or absence of dicoumarol (0.03 mM).
the vitamin K group and ferrous ion complexes may interact After 30 min the cells were harvested with trypsin and then collected by sedimentation in a plastic tube for 1 min and suspended with gentle pipetting in a solution containing 0.25 M sucrose, 0.1M Tris-HCl (pH 7.4), 10 mM *Abbreviations: DMSO, dimethylsulfoxide; MTT, 3-(4,5-dimethylthiazol2yl)-2,5-diphenyltetrazolium bromide; MD, menadione; ROS, reactive oxygen MgCl 2 and 0.5 mM dithiothreitol. Aliquots of the cell suspension, containing 4ϫ10 5 /ml, were prepared in triplicate for each substance tested and for species; SSB, single strand breaks; O 2 -, superoxide anion; H 2 O 2 , hydrogen peroxide; NaDOC, sodium deoxycholate; PC, phosphatidylcholine.
controls (untreated cells). Triton X-100 (0.02% final concentration) was added as permeabilizing agent just before use. The cell suspension was kept in ice for 10 min then spun down. The cell pellet was resuspended in the nick translation assay mixture containing 50 mM Tris-HCl (pH 7.4), 5 mM MgCl 2 , 10 mM 2-mercaptoethanol, 50 µg/ml bovine serum albumin, 0.05 mM each dATP, dGTP, dTTP (Sigma) and 5 µCi/ml 3H/dCTP (Amersham). Escherichia coli DNA-polymerase I (Stratagene) was added to 40 units/ml. The reaction was allowed to proceed for 30 min at 37°C and terminated by the addition of cold 5% trichloroacetic acid and 1% pyrophosphate. The entire assay mixture of each tube (100 µl) was then applied to a Whatman-3MM GF/C filter disc prewetted with 2% pyrophosphate. The discs were extensively washed (15 ml twice) with 5% TCA containing 1% pyrophosphate, then rinsed with absolute ethanol and dried for 15 min under a heat lamp. Acid insoluble radioactivity was then measured by liquid scintillation spectrometry. DNA damage assays were conducted immediately after removal of the different substances from (Table I) processed simultaneously. The mean Ϯ SE of treatment groups was compared and the addition of dicoumarol did not increase the number with that of the control using Student's t-test.
of single strand breaks detected.
The same results were obtained using vitamin K 1 , from Results 250-600 µM transported in micelles (Table I) on DNA damage of the natural forms of vitamin K (K 1 or phylloquinone and K 2 or menaquinone) with the effects of the synthetic form (K 3 or menadione). In the 'redox cycling' process is summarized in Figure 6 different experiments.
the semiquinone may regenerate the quinone through its reaction with molecular oxygen and in the process produce superoxide O 2 * -. Similarly the hydroquinone, generated from Table II diaphorase, catalyzes the two-electron reduction directly to the hydroquinone, whereas NADPH cytochrome P450 reductase, NADH cytochrome b5 reductase and NADH ubiquinone oxidoradical scavenger, was limited by the final concentration of reductase can catalyze the electron reduction of the quinone the solvent in the medium (1% v/v). For vitamin K 1 , the to the reactive semiquinone free radical (25). DT-diaphorase presence of sodium deoxycholate and phosphatidylcholine in can be inhibited by dicoumarol and may therefore be able to the preparation of the micelles limited the use of higher protect the cells from the toxic effect of quinones by competing concentrations of the vitamin compatible with cell viability, with the one-electron pathways (26). We investigated the as shown in Figure 4 using the MTT assay.
extent of SSB in HT-29 cells exposed to these quinones and Cell absorption of the three types of vitamin K are shown demonstrated MD induction of extensive SSB on DNA of in Table II. enterocytes (HT-29) as reported on other cell systems (18, 20, 27 
